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RADC FINAL REPORT
for Task No. A-8-1906

The goals of this project were largely directed toward the relationship

between the electronic structure and properties of large Z metals and the

local crystallography. Of particular interest were the group II metals (Ba.

Sr, Hg) in very thin films. The emphasis of this research was to characterize

the correlation between electronic structure as determined by the density of

tates and work function with lattice constant and crystallographic order.

A variety of techniques were used in this investigation including low

energy electron diffraction (LEED), angle-resolved photoemission (ARUPS). amid

constant initial state photoemission (CIS).
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Figure 1. The geometry of angle resolved photoemission izidicatiit-
incidence angle E,, electron emission angle 0 and orientation angle of1 e

the electron wave vector with respect to the crystal 0. As is indicated
in the figure the vector potential of the incident light his
perpendicular component and parallel component with respect to III(
surface as does the electron wave vector.
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TECIINICAL PROGRESS

In the ten months of the project virtually all the goals were

accomplished. By investigating model systems it has been possible to

demonstrate that:

1) The work function of a complex surface cannot be ascertained by simply

exploring the local chemistry and basing the work function upon the expected

charge transfer between atoms expected as a result of the chemical bonding

F]. This was demonstrated by investigating the electronic structure of

halogen overlayers. and using the observed experimental data in electrostatic

calculations modeling the charge transfer to the surface [11. These results

should be generally app!icbc to other systems.

2) We have shown that the long range crystallographic order of a system has

a substantial influence upon the electron structure and density of states of

°thin metal overlavers [2-4]. This means that the surface electronic propert icS

(including work function) cannot be made independent of the crystallograph ic

order.

3) Thin metal films can be strained. and the strain is directly proportioniai

to the change in the valence band electron structure [5]. Thus by changing th,e

lattice constant of a material. the electronic structure can be changed 7
Increasing the thickness of a strained thin film will allow the film to

r-elieve strain, but the change in the electronic structure is related to this

strain relief in a complex manner [6]. These results relat ing strain to

electronic Istructure are generally applicable to all metal overlavers.

including the alkali metals [5]. fiese results are summarized in 1figure 2.
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In the figure the separation of degenerate valence levels (lifted as a result

of strain) are plotted against calculated strain energies, treating attractive

and repulsive strain separately.

The investigations were centered on metal overlayer systems that would

provide results in the short period of time allowed by the funding of the

contract. Thus the systems investigated were Br/Fe, i/Fe, Jg/Ag, H1g/Cu,

I[g/Cu 3Au. Fe/Cu, Fe/Ag, and Cs/W. None of these materials are particularly

important components to field emitter cathodes, though the physics elucidated

f,!-,, the study of these systems is of particular value in understanding the

physics of the field emitter cathode surface. Several problems remain and

further research is indicated. First. the investigation of barium thin films

is strongly indicated since this is both an ideal metal for investigating the

electronic structure of thin metal overlayers and because barium is an

important component of field emitter cathodes. Complete studies of barium were

not possible due to the unavailability of time at the synchrotron and the

short period covered by the contract. Secondly, the electronic structure.

surface layer strain and the barium cluster size should be characterized for

field emitter cathodes so that model calculations (employing the results of

this project) can be undertaken. These calculations would be most valuable in

understanding how the field emitter cathode works at the microscopic level. 1o

undertake these further studies would require an additional commitment to ihis

type of research.

In summary. this was a project that proved to be very successful as

,,Pjiired hy the quality and quantity of the results that emerged from the

research. For a very limited expenditure. there has been a considerable
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improvement in our understanding of the physics of thin metal overlavers. ;oid

these results can be employed to model and understand the processes relaled lo

a number of technologies {field emitter cathodes. VLSI. and electronic

structure of semiconductor devices in reduced d imensionalitv such as Iluallmi

wells).
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